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October 13, 1995

Ms. Verneta Simon

On-Scene Coordinator

U.S. Environmental Protection Agency
77 W. Jackson Blvd., HSE-5]

Chicago, IL 60604

RE:  Report for Characterization Investigation Gamma Radiation Survey, Lindsay Light
II Site, 316 E. Illinois Street, Chicago, Illinois -- STS Project No. 27313-ZH

Dear Ms. Simon:

Attached please find the above-referenced report. We have included only those sections
which were revised from the previous report. The instructions below describe which
sections to discard and where to insert the attached material.

Volume I

. Please remove and discard the entire text section from the Title Page through Section
5.0 References. Replace with the attached text section which now extends through
Section 6.0 References.

. Insert Table 5a in the Tables section after Table 5.
Volume II

No Change

Volume I

. The first data pages, double sided, pages 0000001 and 0000002 of the "Isotopic
Uranium" section (approximately 65 pages from the front) should be discarded and
replaced with 0000001 and 0000002 Isotopic Uranium Analysis data table pages.

. At the end of the "Isotopic Uranium" section, 66 pages farther back, insert the new
section "Uranium Isotopes by Alpha Spectroscopy”. No discard is associated with
this insert. The insert is immediately in front of the "Chain of Custodies" header
page.

STS Consultants Ltd. .
Consulting Engineers

1415 Lake Cook Road
Deerfield, lllinois 60015
708.272.6520/Fax 708.498.2721
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. Approximately 60% back is the section "Isotopic Thorium". The first two data pages
0000001 and 0000002 should be discarded and replaced with the new 0000001 and
0000002 Isotopic Thorium Analysis data table pages.

. At approximately 80 percent back is the "Gamma Spectroscopy" section. Remove and
discard pages 0000001 through 0000004 and replace with the attached Case Narrative
and data sheet pages 0000001 through 0000004.

Please contact us with any questions you may have regarding this matters.

Regards,
STS CONSULTANTS, LTD.
21,

Richard G. Berggréen
Principal Geologist

cc: J. D. White, Kerr-McGee
Charles Gardner, Chicago Dock & Canal Trust
Vincent Oleskiewicz, Baker & McKenzie

cheproj.27313-ZH. revsec.wp5.jm
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October 13, 1995

Ms. Verneta Simon

U.S. Environmental Protection Agency

77 West Jackson Blvd. '
HSE3-5]

Chicago, IL 60604-3590

RE: Response to USEPA Review Comments Letter Dated August 18, 1995, Lindsay
Light II Site, 316 E. Illinois Street, Chicago, Illinois -- STS Project No. 27313-ZH

Dear Ms. Simon:

This letter and the attached revisions are in response to your letter dated August 18, 1995.
With these revisions and responses, we anticipate the submittal will be acceptable to USEPA
and can be approved. We have included an affidavit in accordance with Section 24 of the
Administration Order by Consent dated January 27, 1994 (AOC). There being no payments
due under the terms of Section 25 of the AOC, the Respondent (The Chicago Dock and
Canal Trust) requests written notice from USEPA per Section 25 of the AOC that the
Respondent has demonstrated, to the satisfaction of USEPA, that all of the terms of the
AQOC, including any additional tasks consistent with the AOC which USEPA has determined
to be necessary, have been completed.

In addition, we wish to clarify the usage of a term in the referenced report. Throughout the
report, we refer to the monazite sand, building debris contaminated with monazite sand,
thorium nitrate derived from the sand, or finished or discarded gas mantle parts as the
source for the gamma radiation detected. The use of the term "source" is intended to refer
to a source of radiation, and not "source” as opposed to "by-product 11(e)2" classification
material determination by IDNS. This clarification, in our opinion, does not require any
revision to the subject document.

We appreciate your prompt response to these submittals and welcome any questions you
have regarding this matter. The following responses are numbered to refer to your
comment numbers.

"Letter Attached to Report”

1. Executive Summary Comments
- Item 6 - The scenario deserves a separate section. It should not be presented
solely in the Conclusions section.

STS Consultants Ltd,
Consulting Engineers

1415 Lake Cook Road
Deerfield, lllinois 60015
708.272.6520/Fax 708.498.2721
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A separate section, 4.0 Elementary Radiological Risk Assessment, has been provided
to present the risk assessment scenario previously included only in the Conclusions
section. The Conclusions section is now Section 5.0.

- Item 8 - At the end of paragraph 1 it is stated that "This will be corrected" and
at the beginning of paragraph 3 it is stated that "We propose...." If this has been
done it should be stated as having been completed. Has it been done?

The comments should have indicated these revisions have been made. Both changes
were made in the Report dated July 26, 1995.

General Comments
- Item 2, paragraph 1 at top of page 3 - A MDA of 20 pCi/g for the Th-230 is quite
high. Please explain.

The quality control documentation for the laboratory specifies the MDA. The
laboratory report indicates the MDA for Th-230 by gamma spectroscopy is 20
pCi/gm. This MDA is judged appropriate for this nuclide, in this matrix and by this
method.

Specific Comments

- Item 9, last paragraph - The K-40 concentrations seem substantially above
background. Explain why these levels are not deemed to be indicative of
contamination or of other contaminants.

The material submitted for chemical and radiological analysis is classified as fill.
Urban fill soil consists of a heterogeneous mixture of soil, building rubble (brick,
stone, mortar, metal, glass, wood), cinders and ash from fires and fumaces, paving
stones, curbs, asphalt, cement and foundation debris, etc. As such, it will be expected
to have a wide range of chemistry and lithology.

In reviewing the National Council on Radiation Protection (NCRP) Report No. 94,
December 30, 1987, Table 4.3 presents a summary of concentrations of major
radionuclides in rock and soil. Recognizing the percentage of potassium and,
therefore, the concentration of potassium-40 will vary with the mineralogy of the soil
and rock, the K-40 naturally occurring background concentrations include values
greater than 27 pCi/gm in granitic rocks, and average 10.8 pCi/gm in soils. The
range and variability evident in the fill soils analyzed appear to be consistent with
these values, particularly when referring to background values in the urban fill.
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"Report”

Volume I, Executive Summary

- Page iii, para. 2 - It should be stated in the text that Ra-224 has no gamma
emission and, therefore, will not be detectable with gamma spectral analysis. State
the surrogate.

The following revision has been made to the referenced paragraph to identify the
surrogate detections.

"The gamma spectral analyses measured concentrations above minimum detectable
levels for eleven nuclides. K40, T1-208, Pb-210, Pb-212, Pb-214, Bi-212, Bi-214, Ra-224
(surrogate detection by Pb-212), Ra-226 (measured as Pb-214), Ra-228 (measured as
Ac-228), and U-238 (measured as Th-234) were detected frequently enough to be
confidently identified."

- page iii, para 3 - The text should deal with the fact that U-235 at 12.8 pCi/g is
extremely high, not indicative of background levels. Explain why this level is so
high.

The U-235 concentration of 12.8 pCi/gm by gamma spectroscopy has an uncertainty
of +18.7 pCi/gm, resulting in a possible concentration between 0 and +30 pCi/gm.
Note that this sample is not from a background location and is not represented as a
background level. That sample, CD-S78E18N-2-3, was reanalyzed for uranium
isotopes by alpha spectroscopy. The Case Narrative reports that the comparison of
the U-234, U-235 and U-238 results indicate the sample is of natural isotopic ratios
and is not enriched. Additionally, in all of the samples analyzed, the U-234 and
U-238 results are nearly identical, further indicating the absence of any enrichment
or depletion. The text has been revised to reflect these results, which are also
included in Table 5a.

Volume 1, Section 3.1.1. - The discussions for Areas 3,4, 5, 7, 8, 9 and 12 should
make note that contaminants appear to go beyond the area boundary. In the case
of areas 7 and 12 this indicates potential offsite contamination. Paragraph 2,
sentence 2 on page 20 should reflect this as well.

The discussion for areas 3, 4, 5, 7, 8, 9 and 12 have been revised to reflect the
potential for contamination beyond the area boundary. The revisions include
comments regarding areas 7 and 12 indicating potential offsite contamination.
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- Page 21, para 3, sentence 2 - It is a major omission to not have recorded and
reported data that would deal with the potential for offsite contamination. The
fact that there are still somewhat elevated readings over the concrete south of
Region 7 is significant.

The omission is acknowledged.

Volume I, Section 3.4.1, page 32, para 3 - After decades in situy, it is very surprising
that the Thorium Decay Chain is not in equilibrium. What explanation is offered
for this?

When analytical uncertainties are taken into account, and a small, systematic error
in the ITAS/Quanterra gamma spec data is considered, the results indicate that the
Thorium Decay Chain is in secular equilibrium.

Table 4, Gamma Spec Analysis - Explain why, when the Ac-228 line is so strong,
that there are data gaps in the Ra-224 data.

In that a surrogate is needed for Ra-224, the Quanterra gamma spec report failed to
identify the Pb-212 photo-peak which Quanterra uses to measure and report Ra-224.
The Ra-224 concentration can be calculated from other photo-peaks in Quanterra’s
gamma spectroscopy report included in Volume III of this report.

- Explain in a footnote that Ra-228 does not have a gamma emission and, therefore,
has been found from another radionuclide’s gamma.

The requested footnote has been added to Table 4.
- The T1-208 data has not been corrected for branching.

We acknowledge that the T1-208 data has not been corrected for branching. A
footnote to that affect has been added to Table 4.

- There are no footnotes 1, 2, 3.

Footnotes 1, 2 and 3 have been added to the first page of Table 4.

- Table 5 - Normally the U-235 activity is about 4.5% of the U-238 level. There
should be a discussion on why sample CD-S156E49N-2-3 is at only 2.4% and

sample CD-S78E18N-2-3 is at 24.5%. The latter is a significant departure that could
influence cleanup protocols and the number of cleanup criteria. .
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See response to Comment 4 regarding analytical uncertainly. When uncertainties are
taken into account, the relationship between U-235 and U-238 activities is ambiguous.

The uranium isotope ratio was reanalyzed by alpha spectroscopy. The case narrative
reports that the U-234, U-235, and U-236 results, when compared for each sample,
indicate the sample exhibits natural isotopic ratios with no evidence of enrichment.
Additionally, in all the samples analyzed by alpha spec, the U-234 and U-238 results
are nearly identical, further indicating the absence of any enrichment or depletion.

Table 5a has been added to present the uranium isotope by alpha spec data. The
alpha spec data are included in Attachment E.

- Table 6 - An explanation should be given as to why the Th-230 results do not
conform to the U-238 and U-234 results.

See response to Comment 4 regarding analytical uncertainties. All results on Table
6 include large uncertainties. Additionally, processing of the monazite ore which
occurred on the site would have separated the Thorium-230 from the uranium. No
revision to the report is proposed.

Figures 3-14 and 3-14A - Elevated data in linear north/south and east/west lines on
these figures should be discussed. Does this pertain to subsurface features such
as piping?

The linear features, both north/south and east/west result from the software used.
A comment to this affect has been added in Section 3.1.2. The area alignments,
generally east/west, appear to be coincident with the storm drain. This is best
illustrated in Figure 3-1.

Equilibrium Charts - All these charts show disequilibrium in the thorium series.
This would not be expected based upon the decades the thorium has been in the
ground. An explanation should be offered.

The explanation of the apparent disequilibrium in the thorium series is that the
results suggest a small systematic error in the Quanterra gamma spec analysis. The
existence of that small systematic error does not affect the utility of the analytical
results. Acknowledging the small systematic error, the data are consistent with
equilibrium, within the analytical uncertainty. No revision to the report is proposed.
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10.  Volume III, Data Summary, page 0000002, Quanterra Data Table - There are unit
problems in this table. Under the heading Aliquot, grams and liters should not
be tied together without identifying the form of the sample. None of the time
related columns has units.

The Data Summary Table pages, page 2 for isotopic uranium and page 1 for isotopic
thorium, have been revised. New pages from the laboratory specify the aliquot units
as grams (deleting reference to the option to use liters), and indicate the time units
as minutes where previously no units were specified.

We appreciate the opportunity to work with you on this project. Please contact the
undersigned with any further questions regarding this matter.

Sincerely,

STS CONSULTANTS, LTD.

M ?’ I

Richard G. Berggreen
Principal Geologist

Attachment

cheproj.27313-ZH. revcomts. wpS5.jm
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AFFIDAVIT

‘In accordance with the requirements of Paragraph 24 of the Administrative Order by
Consent for the Lindsay Light II Site, Chicago, Illinois dated January 27, 1994, the
undersigned certifies under penalty of law that based on personal knowledge and
appropriate inquiries of all other persons involved in preparation of the report entitled
"Report for Characterization Investigation Gamma Radiation Survey, Lindsay Light II Site,
316 E. Illinois Street, Chicago, Illinois", dated October 13, 1995, the information submitted
is true, accurate and complete, to the best of my knowledge and belief.

Certified by: %// §) 5«\—{4/1,@——
Date: Cclotten /3 /??S

Notarized by:

My Commission Expires:

(Seal)
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REPORT FOR CHARACTERIZATION INVESTIGATION
GAMMA RADIATION SURVEY
(REV. 2)

LINDSAY LIGHT II SITE

316 E. ILLINOIS STREET
CHICAGO, ILLINOIS

EXECUTIVE SUMMARY

This report presents the results of a site characterization investigation of the property
located in downtown Chicago, Illinois, bounded by East Illinois Street on the south,
East Grand Avenue on the north, North Columbus Drive on the west, and North
McClurg Court on the east. This report is the result of the implementation of the Work
Plan for Site Characterization Investigation, approved by USEPA May 13, 1994. The
objectives of the investigation were to identify the location and distribution of
contamination at the site, document the concentration and source of radioactive
materials at this site, and determine whether the material exhibited characteristics of
hazardous waste.

The areal distribution and location of the radiological contaminants were evaluated
through an overland gamma radiation survey of the site using both a sodium iodide
(Nal) detector and a tissue equivalent doserate instrument. These surveys were
conducted site-wide on a 6 x 6 meter grid and on 1 x | meter grids for areas exhibiting
elevated gamma readings.

The surface survey results show consistently low background readings with distinct and
elevated gamma readings greater than the average background plus two standard
deviations in a few discrete areas. These data suggest the surface surveys are capable
of identifying the areas of gamma-emitting materials with an accuracy of about 1 to 2
meters for the contamination borders. The overland survey measured gamma radiation
ranging from background levels of 2484 counts per minute (CPM) at 1 cm elevation to
over 100 times area background level, maximum reading of 6.26 x 105 CPM. The
largest area and the area exhibiting the highest readings was the previous location of
the stable building which had housed the Lindsay Light operations. An additional
eleven (11) smaller areas also exhibited elevated gamma readings. Recognizing that the

-
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Lindsay Light operations occupied the building for more than 15 years (from 1916 to
1932) the walls and floors of the building may have become contaminated by the
monazite sand which was stored and processed in the building incidental to Lindsay’s
gas mantle manufacturing operations. The smaller areas separate from or adjacent to
the building footprint may represent monazite sand-contaminated debris from the
building spread as a result of demolition and subsequent site grading. These areas may
also have been contaminated due to the sand, the processing residues, the thorium
nitrate. or gas mantle parts spilled or discarded during transportation or handling of
these materials.

The surface radiation data were evaluated and eight locations selected for down-hole
gamma surveys to explore the vertical extent of the radioactive materials. The down-
hole gamma logs generally extended to as deep as 6.5 meters, and one which reached a
maximum of 9.6 meters. Several profiles encountered obstructions which prevented
deeper penetration. One complete profile was surveyed at an apparent background
location; three complete profiles and two obstructed profiles were surveyed at
transitional gamma radiation locations (one of the complete profiles may reflect
background conditions); and two complete profiles and one obstructed profile were
completed at locations showing elevated gamma radiation readings. Soil samples were
collected from one background location, two transitional locations and two locations
showing elevated gamma radiation. Laboratory analyses were conducted for waste
characterization and radioactive evaluation.

The vertical profiles of gamma radiation that showed the elevated gamma levels are
limited to the upper 2.5 meters, with the majority of elevated profiles occurring from
0.5 to 1.5 meters below the ground surface. Subsurface background levels were
generally less than 50 counts per second (CPS) (less than 3000 CPM). Transitional
levels were in the range of 800 to 1000 CPS (48,000 to 60,000 CPM). Elevated
gamma locations measured 9000 to slightly more than 11,000 CPS (540,000 to more
than 660,000 CPM). In several transitional and elevated gamma profiles, two maxima
were noted, suggesting two layers of contamination at depths of approximately 1 meter
and 2 meters.

11
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These overland gamma and down-hole gamma surveys define in general terms the
distribution and location, both horizontally and vertically, of the radioactive
contamination.

Analysis of the soil samples consisted of three components: gamma spectroscopy
(spec) analysis, isotopic thorium and isotopic uranium analysis, and RCRA hazardous
waste characterization.  The two samples tested for RCRA hazardous waste
characterization did not exhibit results which would cause the material to be classified
as hazardous waste.

The gamma spectral analyses measured concentrations above minimum detectable levels
for eleven isotopes. K-40, TI-208, Pb-210, Ph-212, Pb-214, Bi-212, Bi-214, Ra-224
(surrogate detection by Pb-212), Ra-226 (measured as Pb-214), Ra-228 (measured as
Ac-228), and U-238 (measured as Th-234) were detected frequently enough to be
confidently identified. These isotopes are either naturally occurring isotopes, can be
readily identified as counting artifacts, or are present in the natural decay chains
(radionuclide breakdown products) of uranium and thorium, present in the monazite

sand suspected as the source of the contamination.

The three highest gamma spec measurements were subsequently analyzed for isotopic
uranium and isotopic thorium. The elevated gamma radiation samples measured
maximum concentrations of 71.5 pCi/gm U-234, 12.8 pCi/gm U-235, 52.3 pCi/gm
U-238. 334 pCi/gm Th-228, 263 pCi/gm Th-230, and 342 pCi/gm Th-232. Reanalysis
of the highest gamma spec uranium concentration sample by alpha spectroscopy
measured 89.6 pCi/gm U-234, 10.4 pCi/gm U-235/236, and 82.8 pCi/gm U-238.
Total uranium and total thorium background concentrations in soil in the Chicago area
vary from less than 1 to about 3 pCi/gm (Myrick, et al., 1981; NCRP, 1975, NCRP,
1987). The measured concentration of uranium and thorium isotopes indicate these
elements exhibit isotopic ratios which show no evidence of uranium enrichment and are
considered reasonable for soils containing materials contaminated with monazite sand.
On the basis of the gamma spec and isotopic uranium and isotopic thorium analyses,
there is no indication of a radioactive contamination source other than the monazite
sand containing naturally occurring thorium, uranium and their respective breakdown
products.

114
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A rudimentary risk assessment was performed based on the doserate data collected with
the tissue equivalent instrument capable of responding to gamma ray energies from
17 KeV to 1.3 MeV. The only plausible exposure scenario for the site in its present
use as a paved parking lot is from direct exposure of lot attendants or lot patrons.
Under the most unlikely exposure conditions, the annual dose to an individual would
not exceed 4 mrem/yr, whereas a more reasonable scenario associated with the most
elevated location on site predicts a dose much less than 1 mrem/yr. That scenario has
the individual parking at the exact location of the most elevated gamma reading
165 ¢ Rem/hr, 50 days a year (this assumes he/she is able to occupy this same parking
location approximately 20% of the time), standing on the location for 5 minutes each
day (165 ¢ Rem/hr x 50 days/yr x 5 min/day x 1 hr/60 min. = 687.5 4 Rem/yr or
0.7 mrem/yr). It should be noted that the footprint of this elevated location is about
6 inches in diameter and is located in a parking space where the car’s engine or trunk
would normally be located. These facts render the exposure scenario for this site
unlikely. Therefore, based on this basic assessment, the site in its present condition
poses no additional radiological risk to lot attendants or patrons in excess of that
already present for general radiological (background) conditions associated with the
downtown Chicago area.

RGB95:ADS5:nls
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REPORT FOR CHARACTERIZATION INVESTIGATION
GAMMA RADIATION SURVEY

(REV. 2)
LINDSAY LIGHT 11 SITE

316 E. ILLINOIS STREET
CHICAGO, ILLINOIS

1.0 INTRODUCTION

1.1  Objective

This report presents the results of the investigation conducted at the 316 East Illinois
Street site, herein referred to as the "Lindsay Light Il Site” or "site”, for the
characterization of radioactive contamination. The objective of the investigation was to
determine the type and relative quantities of radioactive materials present, the
hazardous waste characteristics of those materials, and the distribution or location of
these materials at the subject site.

1.2  Site Description and Site History

The Lindsay Light 11 site at 316 East Illinois Street in downtown Chicago. Illinois,
extends from East Illinois Street on the south to East Grand Avenue on the north. It is
bounded by Columbus Drive on the west and McClurg Court on the east. Figure 1-1 is
a location map, indicating the location of the property within the State of Illinois and
the City of Chicago. Figure 1-2 shows the general layout of the site. The dimensions
of the site are 66 meters (208 feet) north to south, and 186 meters (591 feet) east to
west which makes the site approximately 12,276 m2 (2.7 acres).

The property is presently undeveloped and has been used as a parking lot in recent
years. The parking lot is paved with asphalt and has guard rails that border it. The
property is situated in an urban area, surrounded by commercial and residential
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buildings. A shopping mall is located approximately 200 feet to the southeast. The
Chicago River is located 1/4 mile south of the site, and Lake Michigan is about 1/4
mile east of the site.

The Chicago Dock & Canal Company was founded in 1857. The Chicago Dock &
Canal Trust, the direct successor of The Chicago Dock & Canal Company, is a real
estate investment trust formed in 1962. Both companies are included in the reference
to "Chicago Dock”. Chicago Dock records indicate that a portion of the property was
leased to the Lindsay Light Company from about 1915 to 1932, These records also
indicate that the property from 316 to 322 East Illinois was rented by Cooper's Stable
prior to 1913. A two-story building on the property housed a stable for horses and
wagons and a blacksmith shop (Figure 1-2).

In 1914, the Cooper Stable was divided in half, from east to west. The south halif.
fronting on Illinois at 316 East to 322 East, was leased by Lindsay Light. Chicago
Dock’s records indicate that Lindsay Light made rent and tax payments on this property
until about 1932. The building was demolished around 1933, which is consistent with
the cessation of rent payments by Lindsay Light.

Review of property records indicates that Lindsay Light probably performed its primary
manufacturing operations in this area of Chicago at 161 East Grand Avenue, about one-
quarter mile west of the property. The operations at 161 East Grand Avenue included
the manufacturing of incandescent gas mantles. Some manufacturing and/or processing
of thorium-bearing monazite sand reportedly took place at the 316 East Illinois site.

A principal ingredient in gas mantle manufacture is thorium as a nitrate. Small
amounts of cerium, beryllium, and magnesium nitrates are also used. Thorium was
extracted from the monazite sand using an acid bath. The gas mantles were then
dipped into a solution containing the thorium nitrate to increase the mantle’s
incandescent strength.

Thorium occurs in nature principally as the parent radionuclide Thorium-232 in
association with its daughter products in a decay sequence known as the Thorium
Decay Series. Several thorium isotopes are also found within the Uranium and



The Chicago Dock & Canal Trust
Lindsay Light 11
Site Characterization (Rev. 2)

Actinium Decay Series. It is believed that the principal source of contamination at this
site is Thorium-232 and thorium decay series nuclides.

1.3 Previous Investigations

In June 1993, the USEPA and lllinois Department of Nuclear Safety (IDNS) measured
gamma radiation levels on portions of the site. The USEPA and IDNS survey was
conducted based on information USEPA and IDNS had in their files which indicated
Lindsay Light formerly had operations at the site. ~ Several areas of gamma radiation
levels above the vicinity background levels were indicated (Figure 1-3). A similar
reconnaissance survey was conducted by STS for Chicago Dock in June 1993 which
also found several areas of elevated gamma measurements. The results of the surveys
suggested the presence of a subsurface gamma radiation source. Subsequently, a Work
Plan was developed to conduct a comprehensive investigation of the source of the
contamination. The investigation, completed through implementation of the Work
Plan, was conducted with the objectives of identifying the type and quantity of the
radioactive material, and the location and extent of the contamination.

1.4 Administrative Order by Consent

On January 27, 1994, an Administrative Order by Consent (AOC) was agreed upon by
USEPA and Chicago Dock. The AOC réquired preparation of a Work Plan for site
investigations. That Work Plan was prepared and, following review and revision in
response to review comments, was approved by USEPA on May 13, 1994. This report
is the result of the implementation of the work conducted in accordance with the Work
Plan.
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2.0 SCOPE OF WORK

The work scope as defined in the Work Plan consisted of five principal tasks. These
tasks were:

Site grid lay-out

Overland gamma survey
Down-hole gamma logging
Soil sampling

Chemical analysis

The following sections, Section 2.1 through 2.5, describe the specifics of these work
scopes. Sections 3.1 through 3.4 present the results of the survey. sampling and
analysis tasks.

2.1 Site Survey

A site-wide 6 x 6 meter grid was surveyed on May 14, 1994. The purpose of this site-
wide grid was to establish accurate location points for surface radiation measurements,
locating down-hole survey stations, and positioning borings for soil sampling. The grid
was laid out by Certified Surveys, land surveyors licensed in the State of Illinois. The
approved Work Plan specified a 30 x 30 meter grid be surveyed. However, rather than
surveying a grid on 30 meter centers from which a 6 x 6 meter grid could be located.
the grid was laid out at a 6-meter spacing site-wide. Each 6-meter station was marked
with an orange spray paint spot. Every 3 to 4 stations were labeled with the north and
east grid coordinates to facilitate data collection during the survey. The 0-0 point is
located approximately 2 meters south and 1 meter west of the southwest corner of the
parking lot guard rail. Survey nails were placed in the sidewalk to mark the comers of
the survey grid.

The approximate location of the former stable building was obtained from 1905
Sanbom fire insurance maps of the property as part of a 1992 environmental
assessment (STS 1992). That location was surveyed and marked and is assumed to be
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accurate within a few feet. A 1 meter grid was surveyed and marked using green spray
paint within the footprint of the former stable building, an area of approximately 30
meters by 30 meters. The survey grid is shown on Figure 2-1.

During the course of the overland gamma survey, additional 1-meter survey grids were
established around locations where elevated readings were noted. Those smaller grids
were laid out from the 6 x 6 meter grid stations using a rope marked in 1 meter
increments.  Stations were marked by spray painting spots on the ground at each
I meter interval.

An elevation survey was not conducted since a site survey with elevations to 0.1 feet
was available from The Chicago Dock & Canal Trust. The site elevation survey is

included as Figure 2-2.

2.2 QOverland Gamma Radiation Survey

2.2.1 Survey Methods

Two types of overland radiation surveys were conducted. One survey, conducted May
14, 15 and 21, 1994, measured gamma radiation levels using a Ludlum 44-10 2x2 inch
Nal detector coupled with an ESP-1 portable ratemeter/scaler. The Nal detector
measured gamma radiation in counts per minute (CPM). The second survey was
conducted May 21 and 22. 1994, and used a Bicron microRem LE tissue equivalent
doserate meter, which measured the tissue equivalent radiation dose in microRem/hr.
The ESP-1/Nal surveys included readings at 1 meter elevation and at ground surface
(1 cm elevation), while all Bicron measurements were collected at 1 meter elevation
only.

The 6 x 6 meter site-wide grid was surveyed using the Ludlum 2x2 inch Nal detector
with 1 minute measurements taken at 1 meter and 1 cm from the ground surface. Once
all grid measurements were completed for each north/south row, an inter-grid survey
was performed for each square formed by the 6 meter grid points. Inter-grid surveys
were performed at a traverse speed of approximately 3 feet per second (+1 m/sec.).
The survey instrument was held as close to the surface as possible and the grid surveyed
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in a "zig-zag” pattern. For all inter-grid surveys, the ESP-1 external speaker was
activated to provide an auditory indication of any increase in count rate, since this
method is more sensitive than observing the ratemeter liquid crystal display (LCD) for
subtle count rate changes. Areas discovered in the inter-grid surveys which showed
increased count rates were marked with an "X"” or several "Xs” at the location(s) of the
highest reading(s). Once the 6 meter and inter-grid surveys were complete, detailed
one meter grids were laid out around the "Xs” using a rope marked at one meter
intervals and the 6 meter markings for reference.

In addition to the 1 meter grid layout over the former stable building footprint, eleven
(11) additional areas of above background readings were identified by the inter-grid
surveys. All twelve of the 1 x | meter grid areas were surveyed using the Nal detector
with all measurements taken at 1 cm (ground surface). Measurement times for the
1 meter grid areas varied from | minute to as low as 15 seconds in the high activity
areas. All measurements were then normalized to CPM and background subtracted to
give the net CPM for comparison to the range of area background based on statistical
considerations.

The twelve 1 x 1 meter grid areas were also surveyed using the Bicron microRem LE
meter. All measurements were made at | meter from the ground surface. To allow for
proper instrument response on the lowest measurement range, the instrument was held
at each location for approximately 15 seconds. This allowed the instrument to reach at
least 90 percent of the final reading.

Details of the overland gamma and doserate surveys including instrument calibrations
and field checks are described in detail in Attachment A.

2.2.2 Determination of Site Background

Background levels of gamma radiation were established by means of a survey of stations
along three traverses, each consisting of 12 stations. The background surveys were
conducted May 14, 1994. The three traverses include one along the west margin of the
parking lot, one located immediately east of the site and one on the sidewalk east of
McClurg Court, station 207E from 0 to 66N. The east side of McClurg Court is

-
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referred to as the off-site traverse. The two on-site traverses are located along the
eastern-most and western-most margins of the site, at OE and 187E from 0 to 66N.
Figure 2-1, the site survey grid, shows the location of the background survey traverses.

Attachment A presents calculation of background values as the mean of the three
traverses plus 2 standard deviations. Further discussions of the background values are

presented in the Results, Section 3.0 and Attachment A,

2.2.3 Data Management

All Nal scintillometer data were plotted on spreadsheets ( Attachment A). Two- and
three-dimensional illustrations of the measurements were also prepared. These data
were used to select proposed locations for subsequent investigations (down-hole gamma
logging and soil sampling). The scintillometer data were also provided to USEPA
representatives for preliminary review prior to selection of proposed locations.

The Bicron doserate measurements were collected concurrent with the down-hole and
soil sampling work and were not used in the selection of sampling locations. The Nal
and Bicron data are presented and discussed in Section 3.1, Overland Gamma Survey
Results.

2.3 Cone Penetrometer and Down-hole Gamma Logging

2.3.1 Methods

The Cone Penetrometer Test truck (CPT) was used in combination with down-hole
geophysical logging of gamma radiation to provide vertical delineation of the extent of
contamination. The down-hole survey was conducted May 21 and 22, 1994. The
depth of the investigation extended below the surficial fill materials to the naturally
occurring soils. The CPT holes extended a maximum of 9.6 meters (31 feet).
Obstructions were encountered at several proposed locations. The obstructions ranged
from shallow, less than | meter deep, possible floor slabs or pavements, to deep. on
the order of 2.5 to 3 meters, possibly a basement floor slab. The following
summarizes the locations where cone holes were attempted and the results (Table I).

-
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Proposed Locations

Table 1
Down-hole Gamma Survey Locations

Background
24E 12N
IS6E. 48N
Alternate Location
72E 60N
71E 59N
36E 12N
Transitional
82E 25N
62E 25N
17tE 64N
Alternate Location
76E 2IN
89E 16N
Elevated Gamma
81E SN
78E 4N
78E 18N
78E 9N
Alternate Location
82E ISN
78E 25N

Results

Obstructed. No log after 6 attempts.

Logged at |57E 49N

Anomalous log results.
obstruction and logged).

Partial log, obstructed.
Obstructed. No log.

Logged
Partial log. obstructed
Logged

_.Obstructed. No log.

Logged

(Drilled through

Logged at 81E 6N (access restricted by

penmeter guardrail)
Obstructed. No log.
Logged

Partial, obstructed

Obstructed. No log.
Obstructed. No log.

The CPT casing was hydraulically pushed to the desired depth, and the hole was
geophysically logged to record gamma radiation levels in counts per second (CPS) as a

function of depth.

excellent resolution of both background and elevated gamma locations.

The CPT down-hole gamma survey used a Colog MXG logger

Logging speed was held at 2 meters per minute, which gave

equipped with

electronically controlled winch assembly, computer interface, and a Mount Sopris
Model HLP-2375-1 gamma radiation probe. The Mount Sopris probe was equipped

-
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with a 0.5x1.5 inch Nal(TI) crystal which is capable of providing vertical resolution of
approximately 1.5 inches.

2.3.2  Quality Assurance

2.3.2.1 Sensitivity Test Runs

In order to evaluate the impact of the stainless steel casing on the sensitivity of the
Colog gamma logging unit, a series of five sensitivity runs were made. Standardized
thorium-containing soils in fixed geometries prepared for the West Chicago thorium
contamination project were used as the calibration sources. Specifications for the
preparation of the "calibration soils” were provided and are included as Attachment B.
The Work Plan specified that the casing would be used if it could be demonstrated that
the use of the casing did not diminish the gamma reading by more than 50 percent
when compared to readings obtained with no casing.

The following presents the results of those sensitivity test runs.

Table 2
Influence of CPT Casing Evaluation

Counts/second Counts/second Percent
Drum No. with Casing without Casing Difference (Range)
CD-1 13-16 CPS 20-25 CPS 20-48%
CD-2 180-210 CPS 280-288 CPS 25-38%
CD-3 399-420 CPS 550-600 CPS 24-34%
CD-7 104-115 CPS 150-165 CPS 23-37%
CD-8 58-70 CPS 88-100 CPS 23-42%
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These data indicate the gamma readings using the casing were diminished 23 to 40
percent on average, sufficiently below the S0 percent threshold which would have
precluded use of the casing. As a result, casing was used in all the down-hole logging
at the site.

Data were available on the concentration of the gamma emitting radionuclides in the
calibration drums. Correlation of the counts per second readings with the reported
standardized soil concentrations allows for the derivation of a calibration curve to be
applied to the gamma counts and soil (Th-232 + Ra 226) concentrations at the Lindsay
Light site.

Analysis of the calibration drum materials indicated total gamma emitter and Th-232
plus Ra-226 concentrations as follows for the five drums:

Table 3

Calibration Drum Radionuclide Concentrations *

Total Gamma Th-232 + Ra-226
Drum No. (pCi/gm) (pCi/gm)
CD-1 2.7 1.7
CD-2 53.5 48.0
CD-3 104.6 97.1
CD-7 29.6 234
CD-8 17.5 12.9

*Analysis of drum contents are included in Attachment B.

Plotting the Th-232 + Ra-226 concentration vs. measured counts for each calibration
drum yields Figure 2-3. Figure 2-3 plots the average reading of the CPT probe in
counts per second (CPS) versus the soil concentration of Th-232 + Ra-226 in pCi/gm.
Best fit linear regressions were then added to the plot and the equations for the probe
response with and without the casing were determined.

-10-
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2.3.2.2  Replicate Gamma Logs

Replicate gamma log readings were obtained in borings through logging both the probe
entering the hole and the probe being withdrawn from the hole. Where both "in and
out” logs were recorded, both logs are presented side-by-side on the gamma log
figures.

Additionally, one background boring 157E 49N, was logged on the first day of the
down-hole logging effort, and then again at the completion of the down-hole logging
task. This replication of the log on two different days was to assess the reproducibility
of the logging runs and to evaluate potential impacts to the equipment after logging the
transitional and elevated gamma locations.

Observations of the two runs (up and down) show excellent replication on most borings.
One exception was boring 71E 59N. That log was run in a drilled boring, due to the
presence of obstructions at a depth of approximately 2.5 meters. Non-replicate logs
were obtained in several runs and are attributed to faulty connections between the probe
and the recording unit. After the anomalous results were noted, the soil cuttings from
the boring were screened with the Nal scintillometer and the Bicron tissue equivalent
doserate meter. No elevated readings above background were measured in these
cuttings, which tends to confirm the background nature of this location.

Comparison of the two logs run in the background boring to check the reproducibility
of the logging following the end of the survey showed excellent reproducibility. No
significant difference was noted in the logs run on separate days. This indicates no
significant impact to the equipment resulted from the logging of the locations of
suspected elevated gamma material.

-11-
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2.4 Soil Sampling

2.4.1 Selection of Samples

Based on the results of the overland gamma survey and the down-hole gamma survey,
locations and depths were selected for the collection of soil samples. The objective was
to collect samples at one background location removed from any surface indications of
contamination, two transitional locations where gamma readings are above the
background but not among the highest values measured, and two locations exhibiting
significantly elevated gamma readings. Samples were to be analyzed to identify the
radioactive material, measure the activity, determine the soil concentration and correlate
these findings with the down-hole gamma data. The overland survey information
indicated the horizontal locations to be sampled. The down-hole gamma information
indicated the depth where the highest gamma readings were recorded and samples
would be collected. 3

The selected soil sampling locations are listed below. The depth of sampling is based
on the zones which consistently exhibited the highest reading in the down-hole boring
gamma logging. The proposed sample depth was from 0.65 meters to 1.3 meters (2 to
4 feet).

The following locations were chosen for soil sample collection:

Background IS6E 49N

Transitional 82E 25N
89E 16N

Elevated Gamma 81E 5N
78E 18N

Duplicate samples were also submitted to facilitate assessment of the reproducibility of
the analyses. Duplicates were prepared by homogenizing the sample recovered in the
barrel of the split spoon and then filling two sets of sample bottles a little at a time

-12-
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until both sets of bottles were full. Duplicates were prepared for two of the elevated
gamma measurements, at 81E SN from 0.65 to 0.95 meters (2-3 ft), and at 78E 18N
from 0.95 to 1.3 meters (3-4 ft). In order to prevent the laboratory from recognizing
these split samples as duplicates, the duplicate samples were coded with a 9 at the end
of the sample number and the label and Chain-of-Custody indicated the samples were
from a depth 20 feet deeper than the actual sample depth.

2.4.2 Sampling Methods

Samples were collected using a truck-mounted drill rig. Samples could not be collected
as initially proposed using the CPT rig due to pavements and obstructions at the sample
locations.

Drilling was conducted using solid flight augers. The sample was recovered by driving
a 2.5 inch diameter split spoon sampler using an SPT hammer.

Upon recovery of the sample to the ground surface, the borehole depth was measured
using a weighted tape. The split spoon was opened and the sample screened using the
Bicron meter. The sample was also screened using an HNu photo-ionization detector
(PID). The sample was then described and logged. The recovered material was
homogenized using a stainless steel spatula blade and subdivided into the individual
sample bottles.

Cuttings from the borings were screened using the Bicron meter. The levels were not
recorded, but did exhibit elevated readings in the transitional and elevated gamma
sample locations. All cuttings from the transitional and elevated gamma borings were
placed in a bucket, segregated from other cuttings and materials generated as part of
the investigation. The buckets were stored, locked in the on-site trailer. The material
was utilized in testing of the physical and chemical properties of the soil. No soil
materials remain on site.

All borings were grouted closed with a neat cement grout upon completion of
sampling.

-13-
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2.5 Analyses

2.5.1 Analytical Parameters

A total of 12 samples were submitted for analysis. Two samples were submitted from
each of the five sampling locations. Two duplicate samples were also submitted. The
samples were initially analyzed by gamma spectroscopy. All gamma emitters identified
were reported.

The three samples showing the highest gamma spec detections were subsequently
analyzed for isotopic uranium and isotopic thorium. In addition, one of the samples
from the background boring was analyzed for isotopic uranium and isotopic thorium.

Two of the samples from the elevated gamma radiation areas were also submitted for
RCRA hazardous waste characterization. The purpose of that analysis was to evaluate
potential constraints on the eventual disposal of the radioactive material present at the
site. Those analyses included TCLP volatiles, TCLP semi-volatiles, TCLP metals,
reactivity, corrosivity and ignitability.

2.5.2  Quality Assurance

2.5.2.1 Overland Gamma Survey

Quality Assurance measures were performed in accordance with Quality Assurance
procedures in Appendix D of the Work Plan. Per Section 3.2.2 of the Work Plan,
duplicate measurements were conducted for approximately 10 percent of the 6 meter
grid stations. QA measurements were made randomly across the site at surveyor-
established 6 meter grid points using the ESP-1/44-10 instrument set detector (S/N
112642) with the 2.5 inch lead shield at a distance of 1 cm above the surface. All 6
meter grid QA data are shown in Appendix E of Attachment A. The site was walked
randomly from west to east and north to south to north in a "zig-zag” pattern similar to
the inter-grid survey technique. A total of 100 QA measurements were made, where
only 36 measurements were required by the Work Plan. The additional measurements

-14-
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were made to provide for a random sampling across the entire site versus only a portion
of the site.

All QA measurements were collected for 30 seconds. Appendix D-6 of Attachment A
gives the raw data as CPM and the percent difference between the Corrected QA CPM
and Corrected Initial CPM, using the initial CPM as the "true” or expected value for
the percent difference calculation. The result of percent difference test range from
-31.8% to 50.77% with an overall average of -1.56 + 12.3% at one standard
deviation. These QA data show that the average variation is excellent and that 95
percent of the data are within an error range of less than +25 percent at 2 standard
deviations. Given the fact that the QA measurements were made on a different day
than the original measurements and that the majority of the QA data are in the range of
site background, an error of only 25 percent at 2 sigma is considered to be acceptable.

Appendix G-4 of Attachment A presents a QA chec